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h A method for purifyii^ a tniKture a>Tnprising stngie-wail carbon 
nanotubes and amorphous carbon a>ntaimnate^ smd method comprising the steps 
5 of: 

(a) heatii^ said nuxture undo* oxicfiaang conditions sufficient to remove 
the said amorphous caibon and 

(b) recovmng a product comprising at least about 80% by weight of 
single*waU carbon nanotubes. 

10 2. The method of ciaim 1 wherein said oxidizing conditions comprise 

an aqueous solution of an inoi^anic oxidant. 

3. The method of claim 2 wherein said inorganic oxidant is selected 

from the group consisting of nitric acid, a mixture of sul&ric add and hydrogen 

p<^xide, |K>tassium permanganate and mixtures th^wC 
IS 4. The mc^lKKi of daim 2 whom said aqueous solution is heated to 

reflux. 

5, The method of daim 2 idcfidonaify comprisung die step of subjecting 
the oxidized product of step (b) to a sapomficatson treatn^. 

6, The method of claim S iMNoinn said saponification treatment 
20 comprises contacting said product with a ba«c sohition. 

7, Tte m^hod of a claim 6 wterein said basic solution comprises 
soAum hydroxide. 

8, The method of cbrnn 6 additionally conq)rising the step of 
neutrafiasng the sapcHitfied product with an add. 

25 9. The method ofciaim 8 wherdns^ add is hydrodiioric acid 

10. The method of daim 8 ackihicmaliy compri^ the stqp of recovering 
a solid product from the s^nifi<^ neutralized product. 

11. The method of claim 10 wherein said product is recovered by a 
method sdected fiom the group consisting of filtration, settling by gravity, chemical 

30 floo^lators, and liquid cydoning. 
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12 The method of claim 10 wherein said solid produa is a paper-like 
two dimensional product. 

13. The method of claim 12 additionally comprising the step of drying 
the product, 

5 14. The method of claim 13 wh^ein said product is dried at about 

SSO^'C in a hydrogen gas atmosphere. 

15. The mediod of claim 1 wherdn said product c(»nprises at least about 
90% by weight of single-wall carbon nanotubes. 

16. The method of claim ] ^^lierein said product comprises at least about 
1 0 95% by weight of single-waQ carbon nanotubes. 

17. The mediod of daim I v^Mran said product comprises at least about 
99% by wei^t of single*watt carbon nanotubes. 

1 8. A method for produdng tubular caibon molecules of about 5 to 500 
nm in length, said method comprising the stq)s of: 

1 5 (a) cutdng stngle^waU nanotube containing-material to form a mixture 

of tubular carbon molecules having lengths in the range of 5-500 
ran; 

(b) isolating from said nuxture of tubuiar carbon molecules a fraction of 
said molecules having substantially equal lengths. 
20 1 9, The method of claim 1 8 wherein said cutting single-w^l nanotubes 

into tubular carbon molecules comprising the steps of: 

(a) forming a substantially two*dimensional target containing single- 
wall nanotubes of lengths up to about one micron or more, and 

(b) irradiating said target with a high energy beam of hi^ nuiss ions, 
25 20. The method of daim 19 vdierdn a high energy beam is produced in 

a cyclotron and has an energy of from ^ut 0. 1 to about 10 GeV, 

21. The method of claim 19 wh^ein said high mass ton has a mass of 
greater than about ISO AMU. 

22, The mediod of daim 21 wherein said lugh mass ion is selected from 
30 the group consisting of gold, bismudi and uranium. 
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23 . The method of clmm of 22 wherdn the high mass ion is Au'^^. 

24. The method of daim 18 wherein said cutting sin^e-wali nanotubes 
into tubular carbon molecules comprises the steps of: 

(a) forming a suspension of single-wall nanotubes in a medium; 
S Q>) sonicating said suspen^on vnih acoustic energy. 

25. The method of claim 24 wherein said acoustic energy is produced 
by a device operating at 40 KHz and having an output of 20 W. 

26. The method of claim 18 wherdn said cutting singie-wall nanotubes 
into tubidar carbon molecules comprises refiwdng single wdl nanotube material in 

1 0 concentrated HNO3. 

27. The method of claim 1 9 fiirther comprising the step of heating the 
tubular carbon molecules to form a hemispheric fuUerene cap on at least one end 
thereof 

28. The method of claim 1 8 fiirther comprising the step of reacting said 
15 tubular carbon molecules with a material which provides at the reaction conditions 

at least one substituent on at least one of said ends of said tubular carbon molecule. 

29. The method of claim 26 further comprising the step of reacting said 
tubular carbM molecules with a material wluch provides at the reaction conditions 
at least one subsdtuem on at least one of said ends of said tubular carbon molecule. 

20 30. The meUKxi of dafan 28 or 29 wherein said substituent is sdeaed 

from the group conssting of eadi may be independently seleaed from the group 
conasting of l^drogoi; allcyi, acyl, aryl, aralkyl, halogen; substituted or 
unsubstituted thiol; unsubstituted or substituted amino; hydroxy, and OR' wherein 
R' is sdected from the group consisting of hydrogen, aUcyl, acyi, aryl araliqrl, 

25 unsid»tituted or substituted amino; substituted or unsubstituted thiol; and halogen; 
and a linear or cydic carbon chain optionally intoiupted with one or more 
heteroatom, and optionaUy substituted with one or more =0, or «S, hydroxy, an 
aminoalkyt group, an amino add, or a peptide of 2-8 amino adds. 

}^3i^. A method for forming a macroscopic molecular array of tubular 

30 carbon molecules, said method comprising the steps of: 
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(a) providing at least about 10^ tubular carbon molecules of 
substantially similar length in the range of 50 to 500 nm; 

(b) introducing a linking moiety onto at least one of said tubular 
carbon molecules; 

(c) providing a substrate coated with a material to which said Unking 
m(»ety wiU attach; and 

(d) contacting said tubular caii)onmoleailescontainit% a Unking moiety 
with said substrate. 

32. The mediod of claim 31 wherein said substrate is sdected from the 
group con^sting of gold, mercury and uidnim-tin-oxide. 

33. The method of daim 32 wherein said linking moiety is selected from 
the group consisting of -S-, -S-(CH2).-NH-, and .Si03(CH2)3NHj. 

34: A method for forming a maooscopic molecular array of tubular 
carbon molecules, said method comprish^ the steps of: 

(a) providmg a nanosode array of mtcroweUs on a substrate; 

(b) deposithig a metd catalyst in eadi of said microwells; and 

(c) directing a stream of hydrocarbon or CO feedstock gas at ssud 
sidjsdrate under conditions that effect growth of single-wall carbon 
nanotubes frcmi each microwdl. 

35. The method of claim 34 further compri^ng the step of applying an 
electric fidd in the vicinity of said substrate to assist in the alignment of said 
nanotubes growing from said microwells. 

(36j A method for forming a macroscopic molecular array of tubular 
carbon molecules, said method compri^ng the steps of: 

(a) providing sur&ce containti^ purified but entangled and rdatively 
endless smgle-wali carbon nanotube material; 

(b) subjecting said surftce to oxidizing conditions sufrident to cause 
short lengths of broken nanobdies to protrude up from said sur&ce; 
and 
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(c) appljdng an electric field to said surface to cause said nanotubes 
protmdtng from said sur&ce to align in an orientation generally 
perpendicular to said surface and coalesce into an array by van der 
Waals interaction forces. 
5 37. The method of claim 36 whernn said oxidizing conditions comprise 

heating said surface to about SOO^'C in an atmosphere of oxygen and COj. 

' A method of forming a macroscopic molecular array of tubular 
carbon molecules, said method comprising the step of assembling subarrays of up 
to 10^ single-wall carbon nanotubes into a composite array. 
10 39. The method ofciaim 38 wherein ail the subarrays have the same type 

of nanotubes. 

40. The method of claim 38 wherdn the subarrays have differem types 
of nanotubes. 

4 1 . The method of claim 38 wherein the subarrays are made according 
15 to the method of any of claims 3 1, 34 or 36. 

42/' A mediod for continuously growing macroscopic cartjon fiber 
comprising at least about 10^ single-wall nanotubes in generally parcel orientation, 
said method compri^ng the steps of: 

(a) providing a macroscopic molecular array of at least about 10^ 
20 tubular carbon molecules in generally parallel oriemation and having 

substantiaUy simile lengths in the range of from about 50 to about 
500 nanometers; 

(b) removing the hemispheric fiiUerene cap from the upper ends of the 
tubular carbon molecules in ssdd array; 

25 (c) contacting said upper eods of the tidnilar carbon molecules in said 

array with at least one catdytic metal; 
(d) supplying a gaseous source of caibon to the etui of said army ^^e 
s^plying localized energyto the endof said array to heat said end to 
a temperature in the range of about 500* C to about 1300* C; aiui 

30 (e) continuously recovering the growing carbon fiber. 
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43. The method of claim 42 wherein ssdd fiiUerene caps are removed by 
heating in an oxidative environment. 

44. The method of claim 43 wherein said oxidative environment 
comprises aqueous aching with nitric acid or gas phase etching at temperatures of 

5 about SWC in an atmosphere of oxygm and COj. 

45. The method of cl^ 42 wherein said catalytic metal is selected from 
the group consisting of Group Vm transition metals. Group VI tran^tion metals, 
metals of tiie lamhanide series, metals of the actinide series, and mixtures thereof 

46. The nnetfaod of daim 4S wherein said catalytic metal is selected from 
1 0 the group consisting of Fe, Co, Ni, Ru, Rh, Pd, Os, Ir and Pt. 

47. The method of daim 46 wh^dn said catalytic m^ is selected from 
the group consisting of Fe, Ni, and Co, and mixtures thereof 

48 . The method of daim 45 whanein said catalytic metal is selected from 
the group con^stir^ of Cr, Mo, and W. 

15 49. The method ofclaim 42 wherein said catalytic metal is dq)0»ted in 

situ on eadi nanotube as a metal atom cluster. 

50. The method of claim 49 wherein said metal atom duster has from 
about 10 to about 200 metal atoms. 

5 1 . The method of claim 42 wherdn s^d catalytic metal is deposited as 
20 preformed nanoparticies. 

52. The method of cldm 5 1 wherdn said catalytic metal is Mo. 

53. The method of daim 42 wherein said catalytic metal is deposited in 
the form of a metal precursor sdected from the group consisting of salts, oxides and 
complexes of said metal. 

25 54, The method ofcfaim 42 wherdn said catalytic metal is deposited by 

evaporating metal atoms and allowing them to condoise and coalesce on said open 
nanotube ends. 

55. The method of daim 54 wherein said evi4)oration is effected by 
heating a wire or wires containing said catalytic metal. 
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56. The method of ciahn 54 wherein said evaporation is effected by 
molecular beam evaporation. 

57. The method of claim 42 wherein gaseous source of carbon is 
sdected from the group consisting of hydrocarbons mi carbon monoxide. 

5 58. The method of claim 57 wherein said hydrocstfbon is selected from 

the group con^sdng of alMs, acyls, at^s and andkyl having 1 to 7 carbon atoms. 

59. The method of dsum 58 wherdn said hydrocaibon is methane, 
ethane, ethylene, acetylene, acetone, propane, propylene and nuxtures thereof 

60. The method of claim 42 wherdn said localized energy is provided 
10 byalas^beam. 

61 . The method of claim 42 wherdn md localized energy is provided 
by a source selected from the group consisting of a microwave generator, an R-F 
coil and a solar concentrator. 

62. The method of claim 42 wherdn said end is heated to a temperature 
15 m the range of about 900*C to about llOO'C. 

/ 63/ A composition of matter comprising at least about 80% by weight 
of single-wall carbon nanotubes. 

64. The composition of claim 63 comprising at least about 90% by 
wdght of ^ngie-wall carbon nanotubes. 
20 65. The composition of claim 63 comprising at least about 95% by 

wdght of iringie-wall carix>n nanotubes. 

66. The compo«tion of claim 63 comprisif^ at least about 99% by 
wd^t of dngto-watt carbon molecules. 

(^) A substantially two-cfimen^onal article comprismg at least about 
25 80% by wds^ of sh^-wall caibon nanotubes. 

68. The artide of ddm 67 comprising at least about 90% by wd^t of 
single-wall nanotubes. 

69. The artyeofdatm 67 comprising at least about 95% by weight of 
sit^e-wall nanotubes. 
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70. The article of claim 67 comprising at least about 99% by weight of 
single-wall nanotubes. 

71. The article of cljum 67 in the form of a paper-like material. 

72. A tubular carbon molecule having the following structure: 




where 



15 



20 



where 



25 



is a substantially defect-free 
cylindrical graphene sheet 
(optionally doped with noncarbon 
atoms) having from about 10^ to 10^ 
carbon atoms; 



is a hanispheric fullerene cap having 
at least sbc pent^ons and the 
remainder hexagons; 



is a number from 0 to 30; and 



30 



R,R^R^R^R^andR* 



eadimay be imlependently seieaed from the 
group con^sring of hydrogen; alkyl, acyl, 
ar^ arall^l, halogen; substitoted or 
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unsubstituted thiol; unsubstituted or 
substituted amino; hydroxy, and OR* 
wherein R' is selected from the group 
consisting of hydrogm, alkyi, acyi, aryi 

5 araikjHl, unsubstituted or sid>stituted amino; 

substituted or unsubstituted thiol; and 
halogen; and a linear or cyclic carbon chmn 
optionally interrupted A^th one or more 
heteroatom, and optionally substituted with 

10 one or more =K), or =S, hydroxy, an 

aminosdkyi group, an amino acid, or a 
peptide of 2-8 amino acids. 
73. The molecule of claim 72 wherdn said graphene sheet has a 
configuration that corresponds to a (n,n) single-wsdl carbpn nanotube. 

1 5 74. The molecule of claim 72 wherein said molecule has a length from 

about S to about 1000 nm. 

75. The molecule of claim 74 >^m»n said molecule has a length of from 
about S to about 500 nm. 

76. The molecule of chum 72 wherdn n is 0 to 12. 

20 77. Themdecu)eofciaim72&Tthercompn9i«atleastoneendohe 

spedes. 

78« The molecule of claim 77 wherdn said endohedrsd species is selected 
from the group consisting of metal atoms, Merene molecules, other small 
molecules and mixture diereof. 
25 79. The molecule of daim 78 ccmqmsing a (10, 10) single-wall nanotube 

ccmtaining atlast one endohedrai spedes selected fit>m Uie group con^sting of C«o, 
C70, or mixtures thereof 

80. The molecule of daim 79 wherein said or C70 additionally 
contains an endohedrat substituent selected from the group consisting of metal 
30 atoms and metal compounds. 
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/ 81y A macroscopic molecular array comprisk^ at least about 10^ single- 
wa!I carbon nanotubes in generally parallel orientation and having substantially 
similar lengths m the range of from about S to about 500 nanometers, 

82. The array of claim 8 1 wherdn said nanotubes are of the same type. • 
S 83 . The array of claim 82 wherein said nanotubes are of the (n,n) type. 

84. The array of cisum 83 wherein said nanotubes are of the (10,10) 

type. 

85 . The array of claim 83 wherein sud nanotubes are of the (m,n) type. 

86. The array of dsum 81 vdierdn said nanotubes are of different types. 
10 87, The array of (Mn 81 fixrther compri^ a substrate attached to one 

estd of said array and orient siAstantially perpendicularly to the nanotubes in said 
array. 

88. The array of claim 87 wherein said substrate is a bucky pap^ 
sur&ce. 

IS 89. The anayofdaim 87 i^ieteinsakl substrate is a metal layer sdected 

from the group consisting of gold, mercuiy and indium-ttn-oxide. 

90. The array of claim 86 wherein a central portion of nanotubes are of 
the (n^n) type and an outer pordon of nanotubes are of the (m,n) type. 

91 . A macroscopic carbon fiber comprising at least about 10^ stngle-wdl 

V — y 

20 carbon nanotubes in generally parallel orientation. 

92. The fibar of claim 91 comprising at least about 10^ sin^e-wall 
carbon nanotubes. 

93 . A composite fiber comprising a plurality of the fibers of claim 9 1 . 

94. A molecular template array for growing continuous length carbon 
25 fiber comprising a segment of the fiber of claim 91 . 

95. The fiber of claim 91 having a length of at least 1 millimeter. 

96. The fibor of daim 91 wterein a substandai p<mion of said nanotubes 
are ofthe(n,n) type. 

97. The fiber of clium 91 wherdn all of said nanotubes are not of the 
30 same type. 
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98. A composite aitide of manuficture comprising a matrix material 
sdected fixnn the group consisting of metals, polymers, ceramics and cermets, said 
matrix having embedded in at least a portion thereof a property enhancing amount 
of the carbon fibers of claim 91. 
5 99. The compose artideofdaim 98 wherdn said property is structural, 

mechanical dectricai, chemical, optical, or biolo^csd. 

100. A high voltage power transmis^on cable wherein at least one 
conductor comprises a continuous carbon fiber according to claim 96. 

101 . The power transmission cable of claini 100 wherein both a central 
10 conductor and a coaxially disposed outer conductor are formed firom said carbon 

fiber and an insuladng layer is disposed ther^etween. 

102. The power transmission cable of claim 101 wherein said insulating 
layer is an air space. 

1 03 . Tbe power transmission cable of claim 101 wherdn said insulating 
IS layer comprises a material selected fi'om the group consisting of insulating carbon 

fiber made tcom carbon nanotubes of the (m,n) type and insulating BN fiber made 
fi'om hGcaboronitride nanotubes or mixtures thereof 

104. A solar ceUfiKConvertii^ broad spectnmiHght energy imo electrical 
current ccmqnising a molecuiar amy accorcfing to claim 8 1 as the photon collector. 

20 105. The solar ceH of dwi 104 addidondly compriang a {^toacdve dye 

coupled to the upper ends of the nanotubes in said array. 

106. A bistable, nonvolatile memory bit comprising the endohedralty- 
loaded tubtilar carbon molecule of claim 77. 

107. The memoiy bit of clmm 106 wherdn the tubular carbon molecule 
25 is formed from a (10,10) type nanotube and the endol^dral spedes is a C^q or C70 

fidlerene mcrfecide. 

1 08. A bistable, nonvolatile memory device comprising the memory bit 
of claim 106, means for writing to said bit and means for reading md hit 

109. The memory device of claim 108 wherdn said means for writing 
30 comprises a nanodrcuit dement adapted to direct a voltage pulse of positive or 
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negative polarity at said bit to cause said endohedrai sp^ies to move from a first 
end to a second end of said bit. 

1 10. The memory device of claim 108 wherein said means for reading said 
bit comprises 



(Vg^ and spaced from a read end of said bit to form a first gap therebetween; and 
(b) a second nanocircuit elon^t adapted to be biased to ground voltage 
(Vq) and spaced from said read end of said bit to form a second gap, wherry the 
pr^ence of said endohedrai species is unambiguously detmnined by the presence 
1 0 of current tunneling across said first and second gaps. 

111. A microporous anode for an electrochemical cell comprising a 
molecular array according to chum 81 . 

112. Afittwmionseccmdaxybatteiycomimsingthean^^ 111, 
a cadKxle conspri^ liCoOs and an aprotic organic electrolyte wherein a fuUerene 

IS intercalating compoimd (FIC) of lithium forms at the anode under charj^ng 
conditions. 



(^Tl3) An qspara^ for fomiing a continuous macroscopic carbon fiber 
fi^ a macroscopic molecular tmptate array comprising at least about 10^ sin^ 
widl cartx)n nanotubes having a catalytic metid deposited on Uie open ends of said 
20 nanotubes, said apparatus comprising: 



5 



(a) a first nanocircuit element adapted to be biased at a first voltage 




(a) 



means for locally heating only said open ends of said nanotubes in 
said template arn^ in a growth and annealing zone to a temperature 
in the range of about 500*C to^out 1300X; 



25 



(b) 



means for supplying a carbon-containing feedstock gas to the 
growth and annealing zone immediately adjacent said heated open 
ends of said nanotubes in said template array ; and 



(c) 



means for continuously removing growing carbon fiber firom said 
growth and anneaiis^ zone while maintaining iht growing open eiul 
of said fiber in said growth and annealing zone. 
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1 14. The apparatus of claim 1 13 wherein said means for locally heating 
comprises a laser. 

115. The apparatus of daim 113 enclosed in a growth chamber 
nuumained at a vacuum by evacuation means. 

5 116. The apparatus of daim 1 1 5 fitrth^ comprising a vacuum feed lock 

zone through which said continuously produced carbon fiber is passed and a take- 
up roll at atmospheric pressure, 

117. A composite material comprising: 
(a) a matrix; and 

10 (b) a carbon nanotube materisd embedded within said matrix. 

118. The composite material of claim 1 17, wherein said matrix comprises 
a polymer. 

119. The composite material of claim 118, wherein said polymer 
comprises a thermosetting polymer. 

15 120. The composite material of daim 1 19, wherein said thermosetting 

polymer is selected firom the group consisting of phthalic/maelic type polyesters, 
vinjd esters, epoxies, ptenoiics, cyanates, bismatdmides, and nadic end-capped 
polyimides. 

121. Hie composite materiid of claim 118, wherdn said polymer 
20 comprises a thermoplastic polymer. 

122. The conq)o«te matoial of claim 121, whmn sud thermoplastic 
polymer is sdected firom tte group consisting of polysulfones, polyamides, 
polycarbonates, polyphenylene oxides, polysuifides, polyethcr ether ketone, 
polyether sulfones, polyamide-imides, polyetherimides, polyimides, polyarjdates, 

25 and liquid crystalline polyesters. 

123. The composite material of daim 1 17, v^^ierein said matrix comprises 

a metal. 

1 24. The compo^ mataial of daim 1 17, wherdn said matrix comprises 
a ceramic. 
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125. Hie composite material of daim 1 17, wherein ssud matrix comprises 
a cermet. 

126. Hie compose matmai of claim 1 17, wherein said carbon nanotube 
material comprises tubuUu* carbon nanotube molecules. 

5 127, The compo^te material of claim 1 1 7, wherein ssud carbon nanotube 

mat^al comprises ropes up to about 10^ SWNTs. 

1 28. The con^)Ostte material of daim 1 1 7, wherein said carbon nanotube 
material comprise fibm of greater than lO^SWNTs. 

129. The conq>o^e matmal of clmm 126, 127, or 128, further 
10 comprising an addtdonat fibrous material. 

130. The composite material of claim 126, 127, or 128, wherein said 
carbon nanotube material is modified to interact with said matrix material. 

1[3l) A method for produdi^ a composite materia comaining cartoon 
nanotube material comprising: 
15 (a) preparing a matrix material precursor, 

(b) combinii^ a cart)on nanotube material with said matrix mat^al 
precursor, and 

(c) formmg said composite material. 

132. The method of claim 13 1, wherdn said carbon nanotube materia is 
20 combined with said matrix material precursor before said step of fomung. 

133. The method of daim 131, wherdn said carbon nanotube material is 
combined with said matrix material precursor during said step of forming. 

134. The method of daim 131, wherdn said carbon nanotube material is 
combined with said matrix material precursor immediately after said step of 

25 forming. 

135. Themethodofdaim 131, wherein said matrix materia] precursoris 
caused to flow around a pre-fotmed arrangmient of said carbon nanotube material. 

(^^^ A method of produdng a composite material containing carbon 
nanouibe material compridng: 
30 (a) preparing an assembly of a fibrous material; 
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(b) adding said carbon nanotobe material to said fibrous material; and 

(c) adding a matrix material precursor to said carbon nanotube tnateriai 
and said fibrous material. 

137. The method of claim 136, wherdn said fibrous materials are 
5 arrai)ged matwcH&noi^onal sheet, and some portion of the said carbon nanotube 

material is oriented in a direction other than parallel to said sheet. 

138. The method of datm 131 or 136 wher^ said carbon nanotube 
materia] comprises tubular cari)on nanotube molecules. 

139. The method of clafan 131 or 136, wherein said carbon nanotube 
10 material comprises ropes of up to about 10^ SWNTs. 

140. The method of claim 131 or 136, wherein said carbon nanotube 

material comprises fibers of greater than 10* SWNTs, 

' — ^- 

/ 141 . A three-dimensional structure that self-assembles fi-om derivatized 
single-wall carbon nanotube molecules comprising: 
15 a plurality of multifimctional sin^e-wall carbon nanotubes assembled into 

said three-dimensional structure. 

1 42. The three-dmiensionai structure of daim 141, wherein said single- 
wdl carbon nanouibes have midtifiuictional derivatives on their end caps. 

143. The three-dmiensional structure of daim 141, wtoran md single- 
20 wail carbon nanotubes have muttifimctional derivatives at multiple locations on said 

angle-wall carbon nanotubes. 

144. The three-dtmen^onal structure of dsum 141, wherein said singie- 
. wall carbon nanotubes are assembled as a result of van der Waals attractions. 

145. A ttvee-dimensional stnicture of chum 141, whidi has 
25 electromagnetic properties. 

146. The three-dunen^onai structure of claim 145, wherein sud 
electrom^etic properties are determined by a fimctionaily-spedfic agent. 

147. A three-dimensional structure of daim 141, wUdi is synunetrical. 

148. A three-dimensional structure of claim 141, which is not 
30 symmetrical. 
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149. A three-dimensional structure of claim 141, which has biological 
properties. 

150, A three-dimensional structure of claim 149, which operates as a 
catalyst for biochemical reactions. 

5 1 5 1 , A three-dimensional structure of claim 149, which interacts wth 

living tissue 

1 52. A three-dimensional structure of daim 149, which saves as an agent 
for interaction with fimctions of a biologicai system. 

153. A light harvesting antenna comprising: 

10 at least one angle-wall carbon nanotube conductive element, said at least 

one nanotube having a lengdi selected relative to a desired current level and a 
de^ed volt^e level. 

1 54. The light harvesting antenna of claim 1 53, wherrin said at least one 
single-wali carbon nanotube forms a Schottky barrier. 

15 155. An array oflight harvesting antennas of clam 153. 

156. The array of ligte harvesting antranas of claim 155, wherein said 
array is formed by sdf<^issmibiy. 

157. A molecule electronic component comprising at least one single- 
wall carbon nanotube, 

20 158. The molecular electronic component of claim 157, wherein said 

molecular electronic componait is a bridge circuit for providing fiill wave 
rectification, said bridge circuit comprising: 

four single-wall carbon nanotubes, eadi of said four single-wall 
carbon nanotubes forming one edge of a square and linked to two of four 

25 buckyballs, eadi of said four bucl^balls located at a com^ of said square. 

1 59. The bridge drant of daim 1 5 8, wherdn said budcyballs and single- 
waD carbcm nmotubes are deri\^dzed to indude functionaOy sped&c linldng agents. 

160. A mdecuiar dectronic conponem of daim 1 57, whidi is a Merene 

diode. 
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161. A nanoscale manipulator dompri^ng at least one single- wall carbon 
nanotube. 

162. The nanoscale manipulator of claim 161, which is nanoforcepts. 



